To address significant gaps in our understanding about how neurocognition, intrinsic motivation (IM), and psychosocial functioning are interrelated in schizophrenia, this study investigated the following questions: Is IM stable or dynamic over time? Does neurocognition predict change in IM over time? What is the association between change in neurocognition, change in IM, and change in psychosocial functioning? Finally, what is the causal structure of the relationships among neurocognition, IM, and psychosocial functioning over time? One hundred and thirty individuals diagnosed with schizophrenia or schizoaffective disorder were recruited from 4 community-based psychosocial rehabilitation programs in urban Los Angeles. Measures of neurocognition were taken at baseline and 12 months. Measures of IM, psychosocial functioning, and symptoms were taken at baseline, 6, and 12 months. Results of latent growth curve modeling analyses demonstrated that IM is dynamic over time. Baseline neurocognition was associated with the initial level of IM but did not predict the rate of change in motivation. However, baseline levels of IM predicted rates of subsequent improvement in neurocognition. Change in IM was strongly associated with change in psychosocial functioning, and change in neurocognition was associated with change in psychosocial functioning, but change in IM was not associated with change in neurocognition. Latent difference score analyses revealed that neurocognition caused changes in psychosocial functioning, and psychosocial functioning caused changes in IM. These findings improve our fundamental understanding of the relationships among these variables and contribute to intervention development for improving outcomes in schizophrenia.
Introduction
Recent studies indicate that neurocognition and intrinsic motivation (IM) have significant functional consequences for individuals with schizophrenia. [1] [2] [3] [4] [5] [6] [7] [8] Substantial research links aspects of neurocognition to functional outcomes in work, social, and independent living domains (for review, see Green et al 1 ). Longitudinal studies have shown that neurocognition at baseline predicts later functional outcome (for a review, see Brekke et al 2 and Green et al 3 ) and functional improvement during rehabilitation. 2, 4, 5 There is newer but also growing literature linking intrinsic and extrinsic motivation separately to functional outcomes and treatment responsiveness (eg, Choi and Medalia 6 ). There is also recent evidence that IM mediates the relationship between neurocognition and functional outcomes. 7, 8 While knowledge is growing in this area, we lack a fundamental understanding of how these variables are interrelated. A prospective approach is essential to better understand the relationships among neurocognition, IM, and functional outcomes in schizophrenia. Longitudinal multiwave data will allow for an examination of the relationships among change in these variables over time as well as for modeling the causal relationships among them. This will contribute to understanding the relationships among these variables, as well as to develop interventions for improving outcomes in schizophrenia.
Neurocognition and Functional Outcome
Numerous studies have demonstrated that individuals with schizophrenia have a variety of neurocognitive impairments including attention, episodic and working memory, language, and problem solving that are predictive of functional outcomes both cross-sectionally and longitudinally. [1] [2] [3] 9, 10 Based on the assumption that changes in basic neurocognitive skills improve everyday life skills and functioning for persons with schizophrenia, cognitive, and functional domains are increasingly becoming primary intervention targets for individuals with schizophrenia. [11] [12] [13] However, given that the variance in functional outcome explained by composite measures of neurocognition is between 20% and 40%, 14 investigators have been searching for other variables that can increase our understanding of psychosocial rehabilitation outcomes 15, 16 as well as long-term outcomes for persons with schizophrenia.
Motivation in Schizophrenia
Motivation as a salient treatment target for reducing functional loss due to noncognitive factors has gained considerable attention. 6, 8, 17, 18 Cognitive evaluation theory categorizes sources of motivation as intrinsic and extrinsic. 19, 20 IM refers to behaviors that are engaged in for their own sake or for the pleasure and satisfaction derived from performing them because they produce feelings of competency and self-determination. It emphasizes the processes within the person when curiosity and interest drive the pursuit of new and stimulating activities. Extrinsic motivation pertains to behaviors that satisfy an external demand or reward contingency. Our focus is on IM as it has been seen as a core deficit in schizophrenia and has been linked to functional outcomes. 7, 8, 21 Silverstein (this issue) focuses on the linkages between intrinsic and extrinsic motivation.
The importance of understanding motivational processes in schizophrenia was underlined at the New Approaches to Cognition Conference. [22] [23] [24] Recent studies have shown that IM mediates the relationship between cognition and functional outcome. [6] [7] [8] 17 This suggests that IM could be a critical factor for understanding how neurocognition influences functioning in schizophrenia. Specifically, motivation difficulties have been considered to be secondary to cognitive impairments including dopamine, frontal lobes, specific networks of the limbic system including the ventral striatum and amygdala, as well as the interactions between different neural subsystems. [24] [25] [26] [27] [28] [29] More recently, aspects of reward processing have been implicated in conjunction with primary cognitive impairments. [30] [31] [32] [33] Components of negative symptoms of schizophrenia such as amotivation, avolition, and anhedonia have been found to mediate the relationship between symptoms and various functioning outcomes for persons with schizophrenia. 34, 35 Horan et al 36 found that although anhedonia and social perception were not significantly correlated with each other, they were significantly correlated with different aspects of functional outcome, leading them to conclude that motivational and social cognitive variables may be particularly important in predicting different aspects of functional outcome including work, social functioning, and independent living. Alternatively, Sharma and Antova 37 suggest that motivation difficulties may lead individuals to perform poorly on both cognitive tasks in the laboratory and on life functions necessary to live and work independently. Barch et al 21 found that the relationship between IM and cognitive function is disrupted in schizophrenia. Interestingly, however, unlike hypotheses that suggest impairments in IM, they found that individuals with schizophrenia did not differ from controls on personal mastery and competitive excellence but reported significantly higher motivation related to anxiety using the Motivational Trait Questionnaire.
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Motivation Theories
Several theories explain the relationship between motivation and behavior. IM has been examined since the 1970s using attribution theory, 39 social cognitive theory, 40 and self-determination theory (SDT). 19, 20 Studies have found that IM increases if students attribute their educational results to internal factors that they can control or the amount of effort they put forth, 41 believe that they are able to be effective agents in reaching desired goals, 42 and are interested in mastering a topic rather than just rote learning to achieve good grades. 20 High levels of intrinsic 43 and task motivation 44 toward mathematics are associated with high performance in mathematics. IM to read has been related to reading performance. 45, 46 The causal association between motivation and behavior has been considered. On the one hand, theories such as social cognitive theory, 40 Vroom's expectancy theory, 47 and Hertzberg's 2-factor theory, 48 suggests that behavior is driven by an individual's motivation. On the other hand, goal theory 49, 50 implies that behavior and performance leads to motivation. Studies have found that task motivation predicts subsequent academic performance, 51, 52 while others have demonstrated that previous achievement predicts subsequent motivation. 43, 53 The relationship between neurocognition, IM, and psychosocial functioning over time has not been investigated for persons with schizophrenia. Prospective studies have demonstrated that neurocognition at baseline predicts later functionaloutcome(forreviews,seeGreenetal 3 andBrekke et al 9 ). A recent longitudinal study also found a strong association between neurocognitive change and functional change during 12 months of psychosocial rehabilitation for persons with schizophrenia, 5 revealing that neurocognitive improvement could be a necessary foundation for functional improvement to occur. Changes in motivation vis-a-vis behavior and performance have been examined in nonclinical samples by educational and developmental investigators. [54] [55] [56] [57] Longitudinal studies are important as they can clarify how change occurs in single variables and between variables over time. Examining the association between neurocognition, IM, and psychosocial functioning longitudinally will clearly have implications for developing psychosocial interventions in schizophrenia.
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Study Questions
To address these gaps in our fundamental understanding of how neurocognition, IM, and psychosocial functioning are related in schizophrenia, this study focused on the following questions: Is IM stable or dynamic over time? Does neurocognition predict change in IM over time? What is the association between change in neurocognition, change in IM, and change in psychosocial functioning? What is the causal structure of the relationships among neurocognition, IM, and psychosocial functioning over time? Addressing these questions will improve our fundamental understanding of the relationships among these variables and will contribute to intervention development for improving functional outcomes in schizophrenia.
Methods
Subjects
Participants were recruited from the 4 community-based psychosocial rehabilitation programs in urban Los Angeles. The programs were part of a county mandated mental health initiative and were designed to provide integrated and comprehensive rehabilitative services. 58 Sites were selected on the basis of data showing that they were comprehensiveserviceenvironmentsthatyieldedsignificant improvements in functional outcomes over time.
2 Diagnoses were determined using 2 sources of diagnostic information and a 3-step diagnostic checklist used by research staff. The 2 sources of information were: (1) an automated online diagnostic record system operated by the County and (2) the chart diagnosis that was completed by an onsite psychiatrist after a client interview. The 3-step process included recording the online diagnosis for most recent episode, a chart review at the admitting agency, and in the small number of instances where there was inconsistency between the 2 sets of diagnostic data, the onsite psychiatrist was consulted to reach a final study diagnosis. Selection criteria included the following: (1) diagnosis of schizophrenia or schizoaffective disorder, (2) residence in Los Angeles for at least 3 months before study admission, (3) adults age 18 years and over, and (4) no primary diagnosis of alcohol or drug dependence in the previous 6 months, no mental retardation diagnosis, and no identifiable neurological disorder. All study procedures were approved by the institutional review board at the University of Southern California.
The sample consisted of 130 individuals diagnosed with schizophrenia or schizoaffective disorder who completed baseline test batteries including neurocognition, motivation, psychosocial functioning, and symptoms. Measures of neurocognition were taken at baseline and 12 months. Measures of IM, psychosocial functioning (social, work, independent living), and symptoms were taken at baseline, 6, and 12 months. Semistructured psychosocial and functional data (including motivation) were generally gathered within 2 weeks of the neuropsychological testing. The psychosocial interviews were completed by trained research interviewers who were blind to the neuropsychological results. Neuropsychological testers were blind to the scores on the psychosocial measures.
Sample characteristics for baseline and 12 months are presented in table 1. Fifty-six percent of the subjects came from program site 1, 16% from site 2, 16% from site 3, and 12% from site 4. One hundred and five subjects (81%) completed the 12-month protocol on the study variables. There was no statistically significant differential attrition across the program sites. There were no statistically significant differences between the study completers and noncompleters, nor were there significant differences across the 4 sites on the variables in table 1. Approximately 40% of the sample came from more restrictive treatment settings or homelessness and the remainder came from other residential or outpatient settings; overall, their functional status was low at study entry.
Measures
Neurocognitive Measures. The following 5 measures were used to assess various aspects of neurocognition These measures were administered using established procedures under the supervision of a neuropsychologist at a testing facility designed for this study. 25 These specific neurocognitive tests were chosen because they have been related to functional outcomes in schizophrenia, and their composite score has been used in previous research.
1,2,9 Internal consistency (Cronbach's alpha) of the 5 scores was 0.72, and a principal component analysis found a single factor which accounted for over 50% of the total score variance. In addition, a confirmatory factor analysis showed that the single-factor model fit the data well (v 2 (5, N = 120) = 4.30, P = .51) with salient loadings (0.52 for long-term memory, 0.53 for verbal fluency, 0.55 for sustained attention, 0.69 for perseverative errors, and 0.75 for immediate memory).
Motivation Measure. IM was defined as the interest in and enjoyment of activity for its own sake 19, 20 and emphasizes the importance of processes within the person when curiosity and interest drive an individual to quest after new and stimulating activities. 64 While there is not yet a measure of general IM in schizophrenia, in this study it was measured by the sum of 3 items from the 6-item intrapsychic deficit subscale of the Quality of Life Scale (QLS). 65 The 3 items were purpose, motivation, and curiosity. After interviewer training, the intraclass correlation coefficient (ICC) among 3 interviewers on the 6 items was >0.8.
Given that this is a new measure based on items derived from a scale that was designed to measure negative or deficit symptoms in schizophrenia, the validity of the measure deserves comment. First, the selection of the 3 items is grounded in motivation and SDTs cited above. Second, the items and probes for the ratings show face validity in terms of their focus on cross-situational phenomena in life experience such as goals, plans, areas of interest, and drive. Third, using all 6 scale items from the QLS subscale, a principal components factor analysis with varimax rotation demonstrated that the first factor accounted for approximately 51% of the variance in the 6 items and that the 3 items-purpose, motivation, and curiosity-had loadings higher than 0.7 on the first factor. The alpha for the 3 items was .74. Fourth, in previous studies, this measure has performed well in theoretical contexts including neurocognition, social cognition, other symptom dimensions, and functional outcome, 35, 78 and in this sample, it is not significantly correlated with any of the depression items on the Brief Psychiatric Rating Scale (BPRS). Fifth, other measures of general and situation-specific IM used with nonclinical samples focus on qualities such as self-determination and purpose, activity choice, interest and curiosity, preference for mastery and challenge, enjoyment of activity, effort, and drive. 19, 56, [66] [67] [68] [69] The 3 items of curiosity, motivation, and purpose cover core aspects targeted by other measures of IM developed for nonclinical populations. Based on these considerations, we suggest that this measure of IM shows some construct validity and captures aspects of IM related to drive, purpose, and engagement across situations in life; however, ways to strengthen the measurement of IM in schizophrenia will be addressed in a later section.
Turning to another issue, motivation is often considered a negative symptom of schizophrenia. Recent discussions of negative symptoms state that they are multidimensional and suggest that there are 5 symptom dimensions: blunted affect, alogia, asociality, anhedonia, and avolition. 70, 71 Avolition is the closest to motivation, although Blanchard and Cohen 70 suggest that avolition and motivation appear in some definitions of negative symptoms but not all. There appear to be at least 2 consistent factors across factor analytic studies: diminished expression (such as blunted affect and emotional withdrawal) and anhedonia/asociality. 70 Kirkpatrick et al 71 also assert that while the negative symptom dimensions are most likely correlated, they could each have distinct neurobiological substrates (Barch discusses the distinct psychophysiological substrates of motivation in this issue). Therefore, both Blanchard and Cohen 70 and Kirkpatrick et al 71 argue that there is still much to be resolved with regard to the definition and etiological understanding of negative symptoms.
To examine the relationship between our measure of IM and negative symptoms, we combined the 3 items from the BPRS 72 that have been used to measure the diminished expression dimension of negative symptoms: blunted affect, motor retardation, and emotional withdrawal. The bivariate correlations between this aspect of negative symptoms and our 3 IM items were 0.19, 0.15, and 0.26. This suggests that our measure of IM is quite empirically distinct from these negative symptom items. As stated above, it is also not correlated with the depression items from the BPRS. In summary, we posit that our measure of IM appears to yield a construct that can be conceptualized as a negative symptom dimension or not but that these definitional issues are not yet resolved.
Psychosocial Measures. The psychosocial functioning measures came from the Community Adjustment Form (CAF 73 ). The CAF uses trained interviewers to gather behavioral event data from 17 domains of community functioning such as living situation, work and social functioning, family involvement, and medication use. 74 One functional outcome measure administered during the CAF interview is the Role Functioning Scale (RFS 75 , 76 ), which has been selected as a scale of choice for this population. 77 Interviewer ratings of work, independent living, and social functioning from the RFS were used for this study in accordance with procedures previously reported. 15 After interview training, the ICC among 3 interviewers on the RFS items was >0.8. A principal components factor analysis of the 3 items found that there was a single factor with an eigen value greater than 1 that explained 55% of the item variance, lending credence to the use of the global score. 9 Symptom Measure. BPRS-Expanded 72 is a commonly used symptom measure for the severe and persistently mentally ill population with good interrater reliability, good concurrent validity, and a strong factor structure. 78 - 82 Interviewers were trained to a reliability criterion using a protocol described in. 83 
Statistical Analysis
Structural equation modeling with latent variables [84] [85] [86] was used for this study. Specifically, latent growth curve modeling (latent growth curve modeling [LGCM] 87-90 ) was used for the first 3 research questions while latent difference score (LDS 91, 92 ) analysis was used for the last study question. Because associations have been found between negative and disorganization symptoms and functional variables 93, 94 as well as between positive symptoms and community outcome, 95 symptoms was controlled for when estimating statistical models.
LGCM examines change in repeated measurements and allows investigators to estimate random intercepts and random slopes for each individual and also individual growth trajectories over time. 96, 97 LGCM analyses do not provide the basis for drawing conclusions about whether one of the variables predicts subsequent changes in the other variable because the parameters of the curves are based on the identical time interval. Thus, to study the temporal sequence among the variables, we conducted LDS analyses. 91, 92 Like the latent growth curve models, LDS models are based on repeated assessments of indicators across time, with the models accounting for the covariance structure as well as the mean structure. However, in LDS models, the indicators are explained by latent true score variables and errors. The advantage of bivariate LDS models over bivariate latent LGCM is that they allow for testing of cross-lagged effects or coupling effects between the constructs, ie, the effect of one variable on subsequent intraindividual change in the other variable. However, bivariate LDS models do not allow for clear-cut interpretation of the correlations between the growth curves, which is the reason why we conducted latent growth curve analyses first. The main advantage of bivariate LDS models over traditional cross-lagged panel models 98 is that LDS models also account for intraindividual change in absolute values (ie, the mean structure of the variables).
Methods of assessing model fit in the present study were selected based on established criteria. 85, [99] [100] [101] The v 2 test is the fit measure most often used to denote whether the hypothesized model is significantly different from one that fits the data perfectly; thus, a nonsignificant test statistic is desired to support the model. 102 The Comparative Fit Index (CFI) varies between 0 and 1 and provides an assessment of comparative fit without being affected by the sample size. Tucker-Lewis Index (TLI) is a relative fit index, which compares a chi-square for the model tested with an independence model. For CFI and TLI, values >0.95 are considered excellent and >0.90 adequate fit. 84 A fit index that is based on trying to estimate the match of the model to the reality in the population using degrees of freedom and the noncentral v 2 distribution is Steiger's Root Mean Square Error of Approximation (RMSEA). The RMSEA is fairly insensitive to sample size, adjusts for parsimony, and provides a CI for the fit statistic, which ranges from 0 (perfect fit) to 1; a statistic no greater than 0.08 is desirable. 86 Analyses for this study were carried out using the statistical software program, Mplus (version 5).
Results
In order to assess for selective nonresponse bias in the data, we examined selective nonresponse in the 3 repeated measurements of psychosocial functioning using ANOVA to examine if missing patterns were associated with psychosocial functioning scores at baseline. No significant association was found. There was less than 5% missing data on the motivation or functional variables. On average, 15% of the subjects had missing data on one or more of the neurocognitive tests at baseline or 12 months. This missing data was handled in model estimation using full information maximum likelihood estimation.
Change in Intrinsic Motivation
The first research question addressed the presence of change in IM. The unconditional linear LGCM showed significant change in the IM: The initial level (b = 8.50, SE = 0.35, z = 26.46, P < .001) and the rate of change (b = .08, SE = 0.03, z = 2.30, P < .05) were both significant with excellent goodness of model fit (v 2 (1) = 0.03, CFI = 1.00, TLI = 1.00, RMSEA = 0.00). This suggests that IM is dynamic over time.
Neurocognition and Change in Motivation
The second research question addressed whether neurocognition at baseline predicted change in IM over time. We tested a conditional linear LGCM in which baseline neurocognition predicted the initial level and the rate of change in IM. The conditional linear LGCM fit well with the data (v 2 (2) = 0.04, CFI = 1.00, TLI = 1.00, RMSEA = 0.00) and showed that although baseline neurocognition significantly predicted the initial level of IM (b = .32, SE = 0.06, z = 5.70, P < .001), the rate of change was not significantly predicted (b = À.003, SE = 0.006, z = À0.448, P = .65). These results show that while there was a significant cross-sectional relationship between neurocognition and IM (as has been found in several other studies), neurocognition did not predict subsequent change in IM over time. Whereas neurocognition is a rate-limiting factor for subsequent functional change (eg, Green et al 3 ), the rate of change in IM is independent of the level of neurocognition at baseline.
Motivation and Change in Neurocognition
While not hypothesized, the results from table 2 show that the baseline level of IM (intercept of IM) was predictive of subsequent neurocognitive improvement. In other words, higher levels of IM at baseline predicted higher rates of improvement in neurocognition.
Associated Changes Over Time
The third research question assessed the association between change in neurocognition, change in IM, and change in psychosocial functioning over time. Preliminary analyses were conducted to assess the presence of change in neurocognition and psychosocial functioning. The unconditional linear LGCM of psychosocial functioning showed significant functional change. The initial level (b = 8.23, SE = 0.31, z = 26.82, P < .001) and the rate of change (b = .16, SE = 0.03, z = 5.42, P < .001) were both significant with excellent goodness of model fit (v 2 (1) = 0.80, CFI = 1.00, TLI = 1.00, RMSEA = 0.00). The magnitude of functional change reflected a large effect size. 2, 5 The change in neurocognition was tested using a latent mean difference score model. This model fit very well with the data (v 2 (42) = 48.003, CFI = 0.987, TLI = 0.983, RMSEA = 0.033), showing that the mean difference in neurocognition between baseline and 12 months was statistically significant (z (129) = 2.575, P < .01, Cohen's d = 0.45). Essentially, this demonstrated that neurocognition increased during 12 months of community-based rehabilitation (see further details in Brekke et al 5 ). These results, and those from above, suggest that there is significant change in neurocognition, psychosocial functioning, and IM over time. More specifically, the positive change coefficients for each construct suggest that there is significant improvement over time in neurocognition, IM, and functioning. Table 2 (see also figure 1 ) addressed the question of whether changes among these variables were empirically associated over time. Our findings showed that there was a strong association between changes in neurocognition and psychosocial functioning and between changes in psychosocial functioning and IM (see figure 2) . The direction of the unconditional betas and change coefficients suggests that the aggregate change was in the direction of improvement in all the constructs. Therefore, there was a strong association (effect sizes from medium to large) over time between improvement in neurocognition and improvement in functioning and between improvement in IM and improvement in psychosocial functioning. There was no significant relationship between change in neurocognition and change in IM. Before turning to our final question, we will summarize the results regarding neurocognition and motivation. Baseline neurocognition and baseline IM were significantly related which corroborates other findings (eg, Nakagami et al 8 ). Baseline neurocognition was not related to change in IM over time, nor were changes in neurocognition and changes in IM associated. However, baseline level of motivation was significantly predictive of subsequent change in neurocognition such that higher levels of baseline motivation are predictive of more neurocognitive improvement over time.
Causal Relationships Over Time
The final study question concerned the causal structure of the relationships among neurocognition, IM, and psychosocial functioning over time. These LDS analyses are predicated on a relationship between baseline values and change over 12 months, as well as on the associations between changes in the selected variables (neurocognition, IM, and psychosocial functioning) over time. Because there was no relationship between baseline neurocognition and change in IM and no association between changes in IM and neurocognition over time, these causal analyses focused on the relationship between IM and psychosocial functioning and the relationship between neurocognition and psychosocial functioning. Table 3 shows that the coefficient from baseline functioning to the latent construct difference score for IM was significant, while the coefficient from baseline motivation to the latent difference construct for psychosocial functioning was not significant (see also figure 3 ). This is consistent with an interpretation which suggests that psychosocial functioning is associated with subsequent change in motivation but that IM is not associated with subsequent change in functioning. In causal terms, this implies that functioning causes change in IM but IM does not cause change in functioning. Concerning the causal relationship between neurocognition and functioning, table 3 shows that the coefficient from baseline neurocognition to the LDS construct for psychosocial functioning was significant, while the coefficient from baseline functioning to the LDS construct for functioning was not significant. This finding suggests that neurocognition causes change in functioning.
Discussion
This study provided the first examination of the prospective as well as causal relationships between neurocognition, IM, and psychosocial functioning for persons with schizophrenia. Our first study question paralleled nonclinical studies 46, 55, [103] [104] [105] [106] [107] which have found that IM does change over time, particularly with regard to achievement and learning. Similarly, we found the dynamic nature of IM for persons with schizophrenia. This suggests that there might be important factors that are related to changes in IM that are relevant to functional and treatment outcomes for individuals with schizophrenia.
Concerning the factors related to IM, we found that although the initial level of neurocognition significantly predicted baseline IM, it did not significantly predict the rate of change in IM. Neurocognitive factors including episodic memory, long-term memory, vigilance, and executive functioning have been found to be a rate-limiting factor for functional change (eg, Green et al 3 ). However, the finding that the degree of change in IM was independent of the level of neurocognition at baseline is quite notable as it suggests that neurocognition does not impede improvements in IM. In other words, individuals may increase their IM regardless of their initial level of neurocognition. This corroborates Barch et al 21 who noted that cognitive function is less related to IM for persons with schizophrenia than for healthy controls. Clearly, there may be other rate-limiting factors for motivational change that have yet to be identified. Clinically, our findings indicate that treatments designed to enhance motivation might not need to be tailored to baseline neurocognitive performance, although more research is needed to address this issue because our study did not include interventions to improve motivation. Moreover, while many studies have found a strong cross-sectional association between IM and cognition, the longitudinal relationship does not mirror those findings.
A significant post hoc finding revealed that higher baseline level of IM predicted the subsequent improvement in neurocognition. Therefore, although changes in neurocognition and changes in IM were not linked, higher IM at baseline could be one of the conditions that provide the basis for higher rates of neurocognitive improvement. This supports the Neuropsychological Education Approach to Rehabilitation (NEAR) program which focuses on enhancing IM and learning. 18, 108, 109 Other cognitive remediation models should consider attending to the initial levels of IM because enhancing IM might facilitate subsequent rates of neurocognitive improvement. These findings are also relevant to other psychosocial rehabilitation interventions, where a focus on motivation for change is featured.
Another intriguing finding concerned the significant longitudinal relationship between changes in neurocognition, IM, and psychosocial functioning. This study is the first to link changes in IM with changes in psychosocial functioning. We found a significant association between improvement in psychosocial functioning and improvement in IM. Similar to other studies (see Brekke et al 5 ), a strong relationship between improvement in neurocognition and improvement in psychosocial functioning was also demonstrated.
The relationships described above suggest that neurocognition, IM, and psychosocial functioning may be causally linked in important respects. In addition, the aggregate change in all variables was in the direction of improvement, which indicates that prospective improvement in all of these areas is not only possible but are also associated in ways that should guide how we assess and treat deficits in any or all of these areas. Distinct interventions are available that seek to improve neurocognition, 18, [108] [109] [110] [111] [112] [113] IM, 18, 108, 114 , and psychosocial functioning. 115, 116 Our findings suggest that recent efforts to blend these interventions (eg, McGurk et al 12 ) should focus on ways to include strategies for impacting all 3 domains. Strategies for these composite interventions must be based on a well-developed understanding of how these variables are causally related as this would suggest the best approach to order and target these domains as well as discerning to what degree outcomes may emerge over time as one or more of these constructs is impacted.
Some investigators have already embarked on this work and have shown that manipulations of extrinsic motivation (eg, through monetary reinforcers) are not enough to improve cognitive performance in schizophrenia [117] [118] [119] but adding enhanced instruction may help to enhance performance. 117, 118, 120 Cognitive rehabilitation such as the previously mentioned NEAR program that enhances IM has been found to improve cognition. NEAR enhances IM by employing more engaging and interesting software packages for cognitive practice, involving consumers in choosing the focus of training and having the NEAR leader serve as a coach to engage the consumers in active guidance of their own treatment program. 18, 108 Silverstein (this issue) argues that the use of extrinsic motivators can trigger the development of IM in cognitive remediation interventions. Clearly, much more needs to be investigated to link these variables in treatment sequences to capitalize on their strong empirical associations.
This study was the first to examine the causal structure of the relationships between neurocognition and psychosocial functioning. Our findings suggest that neurocognition causes changes in psychosocial functioning, which is consistent with an upward generalization model where causal effects move from more basic biological processes upward to more psychosocial processes. 5, 10 We did not find support for a downward generalization model which would predict that variations in psychosocial functioning would cause changes in neurocognition.
This study was also the first to investigate the causal association between IM and psychosocial functioning. In this sample, we found that psychosocial functioning predicted subsequent change in IM. This is consistent with an interpretation that functioning causes changes in motivation rather than motivation causing changes in functioning. It can be speculated that experiencing a certain amount of functional improvement may enhance aspects of goal attainment 49, 50 including mastery orientation, one's wish to become proficient in a topic, and task involvement. One's self-concept (eg, self-esteem, self-efficacy) may also increase after successfully attaining a goal or completing an activity, which may well increase motivation. Self-attributions of efficacy play a key role in the self-regulation of motivation. 40 Emerging literature suggests that defeatist, negativistic beliefs, and negative expectancies may contribute to the avoidance of constructive and pleasurable activity seen in individuals with schizophrenia. 121, 122 Improvements in functioning can be linked to these efficacy attributions. For example, the sample in this study was participating in a community-based program that embraces a psychosocial rehabilitation and recovery model where providers engage in collaborative goal setting with the clients. Clients in this sample may have been assisted in setting personally meaningful goals and/or given choices in their treatment goals.
The causal findings may contradict the approaches that propose to enhance IM in order to improve various domains of outcome. 19, 20, 103, 104, 106 However, it is important to note that our results do not shed light on the potentially reciprocal and iteratively reinforcing relationship between psychosocial functioning and IM. It is possible that the changes in psychosocial functioning and IM mutually reinforce and causally interact over time. In addition, it is possible that there is a population effect for individuals with schizophrenia whose functional levels are often compromised, such that when functioning levels are compromised an initial functional increase might be required to trigger subsequent improvements in IM. Finally, we also found that baseline levels of motivation were predictive of subsequent change in neurocognition (higher baseline motivation was related to higher rates of neurocognitive improvement). Because neurocognitive improvement is strongly related to functional improvement and the causal direction suggests that neurocognition changes functioning, it is possible that baseline motivation is a potentiating factor for this relationship between neurocognition and functioning. Baseline motivation could be a kind of moderator of this relationship, which suggests that improving baseline motivation could yield higher rates of cognitive change and therefore produce more functional change. These are speculations that can be addressed in future studies.
There are several critical avenues for future research. SDT posits that IM may be facilitated in social contexts where individuals' basic psychological needs for autonomy (ie, to have input in determining one's own behavior), competence (ie, to experience productivity and to control outcomes), and relatedness (ie, to be related to or care for others) are satisfied. 19, 123 SDT emphasizes that environments experienced as controlling decrease IM. 124 Furthermore, the theory posits that people are naturally inclined to interact with the environment in ways that promote learning and mastery 20 and that goal and activity choice results in an increase in motivation and positive performance outcomes. 19, 20 On this basis, educational psychologists have used SDT to examine the ways in which socio-contextual factors play a role in motivation, subsequent behavior, and development. 105, 125 Students and clients whose teachers or providers were nurturing and encouraging about motivational choices and targets acquired a positive sense of choice and control over outcomes. 126 Furthermore, individuals whose basic needs for autonomy and choice are met will internalize positive values and attitudes associated with a behavior. On the other hand, providers who do not facilitate the individual's basic needs for autonomy, competence and relatedness, or provide predominantly negative feedback tend to diminish or undermine IM. 20 Individuals with schizophrenia participating in community-based psychosocial rehabilitation programs do not exist in a vacuum but are rather influenced by the socio-context in which they engage in everyday activities. The sample in this study is no exception as they are influenced not only by providers and clients but also the program climate and culture. Mental health professionals may facilitate the IM of individuals with schizophrenia by providing a supportive rather than a controlling context. A collaborative goal-setting process whereby the consumer and the rehabilitation team negotiate a treatment plan is a fundamental component of any sound rehabilitation program 127 and a key to accomplishing treatment goals. [128] [129] [130] [131] It also supports the emergence of IM. Providers may also give choices to consumers by structuring the demands of the environment to match the client's feelings of effectiveness, making sure that the environment is meaningful for the individual and ensuring the individual experiences feelings of personal control and competence. 132, 133 Choi and Medalia 114 recently integrated the 3 pronged motivational enhancement approach 134 that has been found to increase IM to learn: context, personalizing, and choices. Their results illustrated that incorporating intrinsically motivating instructional methods into a difficult cognitive task increased learning of the material, yielded higher IM and better levels of self-efficacy and achievement to learn. 114 Socio-contextual variables that pertain to enhancing autonomy and motivation 20 such as personalization, choice, goal setting, and self-efficacy must be examined longitudinally alongside neurocognition and psychosocial functioning for persons with schizophrenia. These theoretical propositions should be integrated into future efforts to link cognition, motivation, and functional change in rehabilitation models for schizophrenia. They also suggest critical environmental and program climate factors that could be related to changes in IM and psychosocial functioning. Finally, we need studies that actively manipulate cognition, motivation, and psychosocial functioning to more adequately understand the causal relationships among these variables.
This study has several limitations. First, we did not use a measure designed to assess IM. While the 3-item scale appeared to perform well, the construct validity of the current scale has not been fully assessed. There are no scales we are aware of that measure general IM in schizophrenia. Investigators may consider using measures such as the recently adapted Intrinsic Motivation Inventory for individuals with schizophrenia (IMI-SR 135 ) which assesses 3 relevant areas of motivation including interest/enjoyment, perceived choice, and value/usefulness. Although the IMI-SR 135 measures task-oriented motivation rather than general motivation, assessing the perception of choice and task value along with the degree to which one's sociocontext is autonomous or controlling will offer valuable clinical data on aspects that are essential to IM for treatment and task engagement for persons with schizophrenia.
Potential improvements to the current measure of IM are suggested by motivation theories which integrate an individual's cognitive processes, factors related to selfconcept, along with how social contexts shape one's motivation and behavior. 20 SDT takes into account the socio-contextual factors such as positive and negative feedback that facilitate or impede humans' innate needs for competence, autonomy, and relatedness. 20 Our measure of IM does not include a consideration the sociocontextual factors that shape IM. These could be seen as moderating factors but they appear to be essential theoretical elements in assessing IM. Second, as mentioned above, our measure attempts to assess general or domain-specific motivation instead of task-specific motivation, such as that measured by Choi and Medalia's 135 IMI-SR. Third, to be more comprehensive the scale could include rating items about intrinsically rewarding activities and how individuals cognitively appraise themselves in terms of motivation, competence, efficacy, and self-determination. In other words, our items capture part of IM related to drive, purpose, and engagement across situations in life but not about how this manifests cognitively in terms of confidence, efficacy, and self-determination which are also critical aspects of the motivation construct.
While our modeling of causal relationships was based on prospective data which increases our confidence in causal assertions, 91, 92, 136 we did not actively manipulate cognition, motivation, or functioning. This limits the degree to which we can posit causal relationships in our data. In addition, some literature suggests that antipsychotics may impact the variables studied here, although the direct influence is uncertain. 137 It should be noted that this sample is in rehabilitation and is largely made up of medication users. In addition, the relationships between motivation scores and role functioning scores may be inflated because they are rated during the same interview, although raters are trained to avoid these problems. The study sample was also not randomly selected and involved only clinically stable outpatients participating in a community-based psychosocial rehabilitation program; therefore, the generalizability of these findings to other clinical populations is unknown.
